A 41-year-old woman diagnosed with idiopathic pulmonary hypertension presented symptoms despite the use of vasodilators, requiring treatment with bosentan. Previously, the patient had no signs of autoimmunity and had normal liver function. After three years of bosentan use, aminotransferase levels increased, without improvement after bosentan suspension, leading to complementary investigation. The diagnosis of autoimmune hepatitis was confirmed by biopsy, already in the stage of cirrhosis. In conclusion, in case of aminotransferase levels that remain persistently elevated, despite the reduction in doses and/or suspension of bosentan, autoimmune hepatitis must be investigated and treated urgently due to possibly rapid progression to cirrhosis..
INTRODUCTION
Hepatotoxicity is a wellk n ow n a d v e r s e e v e nt i n patients treated with endothelin receptor antagonists (ERAs), su ch as b o s e nt an . T he s e drugs are reported to inhibit bile salt export pumps, which causes intracellular bile salt accumulation in hepatocytes [1] . When hepatic damage occurs, the recommendation is to decrease the dose of bosentan and to observe the evolution of the aminotransferases. However, when there is no improvement in liver function despite the discontinuation of the drug in question, an underlying liver disease may be present [2] .
Herein, we present the case of a female patient with a long history of idiopathic pulmonary arterial hypertension (PAH), with no evidence of liver disease or associated autoimmune condition, who developed autoimmune hepatitis (AIH) after three years of treatment with bosentan, already presenting with cirrhosis at the biopsy to confirm the etiology of her condition.
CASE REPORT
A 41-year-old woman with a ten-year history of progressive exertional dyspnea, poorly controlled with initial measures, was referred to the Pulmonary Hypertension outpatient clinic at Hospital de Clínicas de Porto Alegre in October 2009. The hypothesis of idiopathic PAH was confirmed by a right heart catheterization demonstrating a mean pulmonary arterial pressure of 61 mmHg, pulmonary arterial occlusion pressure of 6 mmHg, cardiac output of 4.4 L/min/m 2 and pulmonary vascular resistance of 12.5 WU. The lung scan showed no perfusion defects, thoracic computed angiotomography did not show signs of interstitial disease, the antinuclear antibodies (ANA), lupus anticoagulant and rheumatoid factor were negative, and collagen vascular diseases were excluded. There were no other clinical findings suggestive of secondary pulmonary hypertension. Human immunodeficiency virus (HIV), hepatitis B and C serology, anti-smooth muscle antibody (ASMA) were all negative. At the initial evaluation, aspartate (AST) and alanine aminotransferases (ALT), bilirubin, alkaline J Gastrointestin Liver Dis, March 2018 Vol. 27 No 1: 89-92 phosphatase (ALP) and gamma-glutamyltransferase (GGT) were all within the normal range.
Initially the patient was treated with sildenafil and warfarin, with a partial improvement in exertional dyspnea, at this time with class II modified New York Heart Association (NYHA). In March 2013, bosentan (62.5mg BID for 4 weeks and then 125mg BID as maintenance) was associated in the therapeutic regimen due to a worsening dyspnea (class III modified NYHA), with a partial clinical response and maintenance of the normal level of aminotransferases.
The patient was referred to the pulmonary transplantation outpatient clinic; but in November 2014, she opted not to continue the evaluation, despite having been advised about the severity of her disease, risk of progression and symptomatic worsening and death. In January 2015, due to chronic desaturation and persistence of symptoms, home oxygen therapy was indicated.
The patient had underwent cardiac magnetic resonance imaging (MRI) in April 2014, demonstrating a normal left ventricular systolic function; the right ventricle (RV) was dilated and with moderate systolic dysfunction (right ventricle ejection fraction, RVEF, of 30%), with marked dilatation of the pulmonary artery trunk. After prolonged use of bosentan, she repeated the cardiac MRI in August 2015 -demonstrating a RVEF 54% with normalization of RV systolic function, and then in November 2016, with a new improvement in RV systolic function and reduction of systolic bulging of the interventricular septum to the left, indicating a reduction of the RV overload.
From the initiation of the treatment with bosentan until July 2016, the levels of aminotransferases, bilirubin, ALP and GGT remained within the normal range. In August 2016, the laboratory tests began to alter: AST 223 IU/L, ALT 250 IU/L, total bilirubin 1.3 mg/dL, conjugated bilirubin 0.8 mg/dL, ALP 161 IU/L and GGT 411 IU/L.
The patient returned on December 13th 2016, claiming nausea and postprandial fullness, presenting jaundice, with a bilirubin of 3.1 mg/dL, conjugated bilirubin of 2.6 mg/dL, AST 258 IU/L, ALT 188 IU/L, ALP 118 IU/L, GGT 157 IU/L; serology for HIV, HCV, HAV and HBV remained all negative. At this consultation, the bosentan dose was halved. The patient returned two weeks later, still presenting jaundice and altered laboratory tests. At this point, bosentan was discontinued and the patient was admitted to our hospital for additional investigations.
The inpatient laboratory showed a positive ANA result (1/640 -dense fine speckled nuclear pattern and speckled cytoplasmic pattern), IgG of 3204 mg/dL, anti-smooth muscle antibody positive (1/320) and an abdominal Doppler ultrasonography with signs of chronic liver disease, without portal or hepatic vein thrombosis.
A transcutaneous hepatic biopsy was performed showing chronic hepatitis with intense activity, cirrhosis, lymphoplasmocytic infiltrate, hepatocellular rosette formation, an Ishak activity score of 3+2+0+3 (8/18) and a METAVIR score of A3F4 (Figs. 1-4) . The diagnosis of AIH leading to cirrhosis was confirmed, probably induced by bosentan, and the patient was started on azathioprine and prednisone. Two months later, a complete laboratory response was observed (Fig. 5) . 
DISCUSSION
Autoimmune hepatitis is a chronic self-perpetuating inflammatory disease that may start with an episode of acute hepatitis and may lead to liver cirrhosis, liver cancer, liver transplantation or death. Its diagnosis is often challenging and based on the clinical aspect, elevation of ALT, AST and gammaglobulins -in particular serum IgG levels, autoantibodies and histology [3] .
The patient of this report had all the hallmarks of AIH and was diagnosed based on The Revised International Autoimmune Hepatitis Group Modified Scoring System with a pre-treatment score of 16 (classified as definite AIH) [4] .
Due to the elevation of aminotransferase levels during therapy with bosentan, initially we suspected drug-induced hepatotoxicity. However, because of the slow descent pattern of the aminotransferases, even after we discontinued bosentan, and as we proceeded with the investigation, we had reason to believe that bosentan had acted as an autoimmunity trigger.
The liver biopsy was performed to clarify the etiology between drug-induced liver injury and AIH. Liver biopsy revealed disarrayed hepatocytes and a lymphoplasmocytic infiltrate, characteristic of an interface hepatitis, with a hepatic rosette pattern of regeneration. With this finding, the diagnosis of AIH was sealed and the patient started immunosuppressive treatment.
The hepatotoxicity of bosentan is well described in the literature, including in the manufacturer's labeling. But only two cases of bosentan acting as an inducer of AIH have been described. One was in a pediatric study of bosentan for treatment of PAH, in which 33 patients were enrolled and one case of AIH was reported [5] . A previously bosentan-naïve patient, who was receiving treatment for 9 months, showed an increase in liver enzymes which remained elevated following a subsequent dose reduction of bosentan, presented F-actin antibody and ASMA positive. The drug was interrupted and the patient showed improvement in follow-up testing, so bosentan was resumed. However, a few days later the liver enzymes increased again, which led to the permanent discontinuation of bosentan.
In the adult population, a case was described by Naito et al. [6] , in which a 48-year-old woman was receiving bosentan for a period of four years when she presented drug-related hepatotoxicity. Bosentan was replaced by ambrisentan, another ERA but, after a year and a half, a second episode of hepatic dysfunction occurred, with no improvement after discontinuation of medication, leading the team to further investigation with a subsequent diagnosis of AIH. Sitaxentan, another representative of the ERA class, was associated with exacerbation of a previously diagnosed AIH in a patient with PAH secondary to systemic sclerosis in Germany [7] . This patient had been using sitaxentan for 14 months and presented an important increase of the aminotransferases; ambrisentan was added to the therapeutic regimen but was not clinically tolerated, and also increased the aminotransferase levels. It was then attempted to return sitaxentan to the prescription, but after 10 days of treatment, aminotransferases increased once again in association with an increased IgG level. In this regard, sitaxentan was withdrawn from the worldwide market following information on two cases of fatal liver injury [8] .
The most well-known explanation for bosentan hepatotoxicity is the inhibition of the hepatocanalicular bile salt export pump, leading to cholestatic damage by intrahepatic bile salts accumulation. However, in a study using a sandwichcultured human hepatocytes (representing liver, blood and bile), a new metabolite of bosentan was identified during CYP2C9 metabolism, with decreased hepatocyte viability due to the role on the t-butyl group hydroxylation of bosentan [9] .
In contrast to the increasingly elucidated bosentan hepatotoxicity, its use was shown to be beneficial in hepatic microcirculation in cirrhotic rats after intraperitoneal injection of Escherichia coli endotoxin. This study demonstrated the inhibitory action of bosentan in the up-regulation of endothelin, inducible nitric oxide synthase and cyclooxygenase-2 mRNA expressions, preventing hepatocellular damage during endotoxemia in cirrhotic rats [10] .
Our case is interesting because the patient had normal liver function, no laboratory exams suggesting an autoimmune pattern and did not use another ERA before or during bosentan treatment. In the Japanese case, the patient already had ANA positive (1/1280) and anti-centromere antibodies, suggesting some autoimmune activity, before the treatment with any medication for PAH, and in the German case the patient already had AIH previously diagnosed and the ERA acted as an exaggerator. Another notable aspect is the advanced degree of liver damage, presenting with cirrhosis, with abdominal imaging exams a few years before showing absence of any liver disease.
Although the patient's underlying disease may progress to right heart failure -leading to sinusoidal dilation, hepatic congestion, and finally fibrosis -the biopsy performed in 
CONCLUSION
It is not possible to state that the patient in question developed AIH due to the use of bosentan. However, as there are reports of exacerbation of previously diagnosed AIH and a case report of its development after the onset of ERA use, it is possible to infer that there might be an association between the development of AIH and the use of bosentan.
We recommend that in patients with persistently elevated aminotransferase levels, despite the reduction and/ or suspension of bosentan, autoimmune hepatitis must be considered and treated urgently due to possible rapid progression to cirrhosis.
